Mouse infection with the blood protozoa Trypanosoma brucei suppressed significantly the frequency and intensity of the primary granulomatous inflammatory response to eggs of the blood flukes Schistosoma mansoni and S. bovis injected into the pulmonary microvasculature. In addition, the dynamics of the cellular infiltrate of the egg granuloma were strongly affected. It is suggested that the modulation of the granulomatous response is a result of impairment of the cell-mediated immunological responsiveness induced by T. brucei. Infection with Babesia microti did not induce similar effects on the granulomatous response.
The host granulomatous response to tissuedeposited eggs of Schistosoma mansoni, S. haematobium and S. bovis is a cell-mediated immunological reaction which plays an essential role in the pathogenesis of human schistosomiasis. Modulators of the granulomatous reactivity may influence the pathogenic process and thereby the disease picture (Warren, 1982) . A range of suppressants of cellmediated immunological reactivity may thus strongly suppress the granulomatous reaction to schistosome eggs, and such reduced reactiv-ity has been associated with significant alleviation of disease (Boros, 1976; Mahmoud, Strickland & Warren, 1977; Warren, 1982) . The aim of the present study was to elucidate the effects of infection with the blood protozoans Trypanosoma brucei and Babesia microti on the primary granulomatous reaction to eggs of Schistosoma mansoni and S. bovis in mice using the lung assay method originally described by von Lichtenberg (1962) .
Materials and methods

Mouse and parasite materials
Outbred albino female mice (strain from the State Veterinary Serum Laboratory, Copenhagen, Denmark) weighing 25-30 g were used. T. brucei (TREU 858) and B. microti (King's strain) were maintained by syringe passage in mice by intraperitoneal injection of 10 4 trypanosomes or 10 6 piroplasms per mouse following dilution of blood from infected donor mice with phosphate-buffered saline (pH 7,2). All protozoan-inoculated mice invariably became parasitaemic as judged by regular examination of blood for T. brucei using the wetmount method and for B. microti using Giemsa-stained thin blood smears. Egg suspensions of S. mansoni (Puerto Rican strain) and S. bovis (Tanzanian strain) were obtained using the technique described by von Lichtenberg (1962) from the livers of donor mice harbouring 10 week old infections. Schistosome infections in mice were established using the ring method (120 cercariae per mouse) which comprises application of the cercarial suspension to the shaved abdominal skin of anaesthetized mice.
Assessment of granulomatous reaction
In order to induce lung granulomas 1500 eggs (90%-95% viable) suspended in 0·25 ml of physiological saline were injected via the tail vein into the microvasculature of the lungs. At various intervals (see below) after intravenous egg injection the mice were killed with ether, and the lungs were removed intact, fixed in 10% buffered formalin, sectioned and stained with haematoxylin and eosin. Three sections (5 flm thick and 250 flm apart) were taken from each lung. The granuloma size was determined as the mean of two diameters at right angles to each other using an ocular micrometer, and the cellular composition of the granulomas was studied using a magnification of 400 x . The granulomatous reaction (frequency and size) to a total of 100 eggs per lung was examined, and the cellular composition was estimated in 25 granulomas per lung. All granulomas measured contained schistosome eggs.
Experimental plans
Series 1 comprised a simultaneous injection of eggs of S. mansoni into groups of mice harbouring 7 day old infections with either T. brucei or B. microti and into a group of protozoa-free mice. On days 3,4,7,14,21 and 28 following egg injection, the granulomatous reaction was assessed in four to six mice from each group. Series 2 was similar to series 1 except for the use of eggs of S. bovis. Statistical analyses of results were made using Student's t test.
Results
Granuloma size
The inflammatory granulomatous reactivity, as measured by granuloma size, to eggs of S.
mansoni and S. bovis injected into the lungs of protozoa-free mice markedly exceeded that in mice infected with T. brucei from day 7 onwards; the maximum difference in granuloma size was reached on day 21 (Fig. 1) .
Fagbemi, Christensen & Dipeolu
Almost all eggs in the protozoa-free mice induced a granulomatous response, whereas a relatively large number of eggs in the mice infected with T. brucei remained completely free from cellular reaction, i.e. they did not induce a granulomatous reaction (Fig. 1) . The difference between mice infected with T.
brucei and protozoa-free mice as regards both frequency and size of the granulomatous reaction was statistically significant (P < 0·05).
In contrast, in mice infected with B. microti the granuloma size and the frequency of induction of the granulomatous reaction were comparable with those in the protozoa-free mice (Fig. 1 ).
Cellular composition
In the protozoa-free mice the granulomas on days 3 and 7 consisted mainly of mononuclear cells with a few neutrophils and eosinophils. However, from day 14 onwards the eosinophil became the dominant cell type and few mononuclear and giant cells were present. In contrast, in the mice infected with T. brucei the predominance of mononuclear cells on days 3 and 7 continued on days 14, 21 and 28, with eosinophils and giant cells remaining few in number. Finally, the short pattern and sequence in the cellular composition of the granulomatous reaction to schistosome eggs in mice infected with B. microti remained comparable with those in protozoa-free mice throughout.
Discussion
The overall sequence and pattern of the host granulomatous response to Schistosoma eggs, as monitored in the present study using the lung assay method, correspond to those observed in previous studies (Boros, 1976; Moore, Grove & Warren, 1977; Warren, 1982) . found that the granulomatous response to eggs of S. mansoni was suppressed in mice infected with Plasmodium yoelii and Toxoplasma gondii. Protozoa-induced suppression of the granulomatous response of the host to Schistosoma eggs thus appears to be quite a common phenomenon and is normally believed to be mediated by the immunosuppressive consequences of the protozoan infections, particularly the impairment of the cell-mediated response (Terry & Hudson, 1982) . The lack of effect on granuloma formation of infection with B. microti, which only suppresses the humoral immune response (Purvis, 1977) , appears to support this suggestion.
The granulomatous response to Schistosoma eggs is crucial in the pathogenesis of schistosomiasis, and significant alleviation of experimental Schistosomiasis mansoni in rodents may result from the suppression of the granulomatous reactivity using immunosuppressive agents and from the spontaneous modulation of the granulomatous response in the chronic phase of the infection (Boros, 1976; Warren, 1982) . In contrast, in other experiments elimination and/or suppression of the granuloma formation by drastic immunological manipulation was associated with exceptional hepatocyte degeneration due to release of hepatotoxins from the egg normally sequestrated by the granuloma (Doenhoff et al., 1979; Dunne et al., 1981) . Increased mortality from suppression of granuloma formation as mediated by increased hepatic necrosis and secondary infections has also been reported (Buchanan, Fine & Colley, 1973) . Concurrent schistosome and protozoan infection occurs commonly in man, and possible effects on the disease picture of such protozoan-induced modulation of the granulomatous reaction to the schistosome eggs should be elucidated in further clinicopathological and immunological studies.
